Atomic force microscopy of virus shells.
Microscopes are used to characterize small specimens with the help of probes, such as photons and electrons in optical and electron microscopies, respectively. In atomic force microscopy (AFM) the probe is a nanometric tip located at the end of a microcantilever which palpates the specimen under study as a blind person manages a white cane to explore the surrounding. In this way, AFM allows obtaining nanometric resolution images of individual protein shells, such as viruses, in liquid milieu. Beyond imaging, AFM also enables the manipulation of single protein cages, and the characterization of every physico-chemical property able of inducing any measurable mechanical perturbation to the microcantilever that holds the tip. Here we describe several AFM approaches to study individual protein cages, including imaging and spectroscopic methodologies for extracting mechanical and electrostatic properties. In addition, AFM allows discovering and testing the self-healing capabilities of protein cages because occasionally they may recover fractures induced by the AFM tip. Beyond the protein shells, AFM also is able of exploring the genome inside, obtaining, for instance, the condensation state of dsDNA and measuring its diffusion when the protein cage breaks.